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The interaction of a peptide [Lys-Phe-Phe-Phe-Ile-Be-Trp-OCHJ and its fatty acid derivatives [Lys-(s-palmitoyl)-Phe- 
Phe-Phe-Be-Be-Ttp-OCH, and Lys-{E-12-(9-anthroyloxy)stearic acid)-Phe-Phe-Phe-Be-Be-OCH,] with model membranes 
was investigated by fluorescence spectroscopy. The emission characteristics of the Trp fluorophore indicated that only 
the peptide with the fatty acid chain is associated with lipid vesicles. Quenching experiments with spin probes suggest 
an orientation for the fatty acylated peptide wherein the fatty acid chain is perpendicular to the bilayer surface and the 
peptide chain parallel to the bilayer surface. 
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1. INTRODUCTION 
Integral membrane proteins without exception 
have at least one segment comprising a contiguous 
stretch of hydrophobic amino acids [ 1,2]. Studies 
using recombinant DNA techniques and in vitro 
reconstitution experiments have indicated that the 
hydrophobic stretch is absolutely essential for 
membrane association [3-61. Thermodynamics 
favours the spontaneous partitioning of a con- 
tiguous stretch of hydrophobic amino acids, par- 
ticularly in an a-helical conformation, into the 
lipid bilayer [7,8]. Hence, a stretch of hydrophobic 
amino acids would be able to ‘anchor’ to a mem- 
brane surface. However, in recent years, fatty 
acylation of membrane proteins with palmitic acid 
has been observed as a post-translational modifica- 
tion [9,10]. The fatty acid is located near the 
hydrophobic stretch of amino acids. It is not clear 
why this modification is necessary as a 
hydrophobic stretch of amino acids would be suffi- 
cient for membrane anchorage. In order to 
elucidate the manner in which a covalently linked 
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fatty acid would modulate the association of a 
hydrophobic peptide with lipid components of 
membranes, we have studied the interaction of the 
peptides, Lys-Phe-Phe-Phe-Ile-Ile-Trp-OCH3 (l), 
Lys-(f-palmitoyl)-Phe-Phe-Phe-Ile-Ile-Trp-OCH3 
(2) and Lys- (e-12-(9-anthroyloxy)stearoyl ) -Phe- 
Phe-Phe-Ile-Ile-OCHs (3), with unilamellar lipid 
vesicles of phosphatidylcholine. The sequence Phe- 
Phe-Phe-Ile-Ile is part of the membrane-anchoring 
sequence of the VSV G protein [l I]. 
2. EXPERIMENTAL 
2.1. Synthesis of peptides 
Peptides l-3 were synthesized by solution-phase methods. 
Details of synthetic protocols for Boc-Lys-(e-carbobenxoxy)- 
Phe-Phe-Phe-Be-Be-OCHs are described in (121. The above 
peptide was saponified to generate the free carboxy terminus 
acid or treated with formic acid and Pd black [13] to remove the 
e-NHa-protecting roup of Lys. The peptide acid was coupled 
to TrpOCHs in DMF in the presence of dlcyclohexylcar- 
bodiimide and I-hydroxybenxotriazole. The N-hydroxysuc- 
cinlmide esters of palmitic and 12-(9anthroyloxy)stearic a ids 
were added to the peptide with the free e-NH2 group. The 
protected peptides were purified by column chromatography on 
silica gel with mixtures of chloroform and methanol as eluants. 
The compositions of the peptides were confirmed by quan- 
titative amino acid analysis and gas-liquid chromatography. 
Published by Ekevier Science Publishers B. V. (Biomedical Division) 
00145793/88/$3.50 0 1988 Federation of European Biochemical Societies 411 
Volume 238, number 2 FEBS LETTERS October 1988 
The pure, protected peptides were treated with 85% formic acid 
to yield peptides l-3. 
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2.2. Preparation of lipid vesicles and fluorescence 
measurements 
Small unilamellar vesicles (SUVs) were prepared by sonica- 
tion of an aqueous dispersion of purified egg 
phosphatidylcholine (PC) in Hepes buffer (pH 7.4). 
Fluorescence measurements were recorded on a Hitachi 650-10s 
fluorescence spectrophotometer. Aliquots of peptides dissolved 
in methanol were added to lipid vesicles. For the anthroyl 
fluorophore h,, = 360 nm and for Trp A., = 280 nm. 
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3. RESULTS AND DISCUSSION 
The emission spectrum of the anthroyl 
fluorophore in peptide 3 in the presence of SUVs 
of PC, as a function of time, is shown in fig.1. No 
change in emission characteristics is observed with 
respect to time. Also, the emission maximum in- 
dicates that the anthroyl group is associated with 
the hydrophobic core of the lipid bilayer [an iden- 
tical emission spectrum was obtained for 
12-(9-anthroyloxy)stearic acid at an equivalent 
concentration in the presence of PC vesicles]. The 
emission spectra of the Trp fluorophore in 1 and 2 
in the presence of PC vesicles are depicted in fig.2 
as a function of time. A large increase in 
fluorescence is observed only for the fatty acylated 
peptide 2. The maximum value of the fluorescence 
intensity is reached after about 12 h, indicating 
slow incorporation of the peptide chain into the 
lipid bilayer. Thus, the fatty acid chain is clearly 
necessary for the peptide chain to be associated 
with the lipid bilayer. 
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Fig.1. Fluorescence emission spectra of peptide 3 in the 
presence of lipid vesicles as a function of time. [Peptide] = 
6 PM; [lipid] = 250 PM. Spectra: (a) immediately after peptide 
addition to lipid vesicles; (h) 12 h after peptide addition to lipid 
vesicles. 
The fatty acylated peptide, Lys-(+palmitoyl)- quenching of fluorescence by the spin labels 5- and 
Phe-Phe-Phe-Ile-Ile-OCH3, can conceivably asso- 1Zdoxylstearic acid was determined. The quen- 
ciate with lipid vesicles primarily in four different ching data are presented in fig.4 in the form of 
ways as shown in fig.3. The mode of association Stern-Volmer plots. The quenching efficiencies of 
shown in fig.3d would lead to aggregation of lipid 5- and 16-doxylstearates of the anthroyl 
vesicles, particularly at low lipid : peptide ratios. fluorophore are similar in the peptide and 
However, no aggregation of lipid vesicles was 12-(9-anthroyloxy)stearic a id, indicating a similar 
observed as judged from the 90” light scattering in transverse orientation in the lipid bilayer. The Trp 
the presence of fatty acylated peptide. Changes in fluorophore in peptide 2 is quenched less efficient- 
h max of Trp in peptide 2 in the presence of lipid ly than the anthroyl fluorophore by 5- and 
vesicles argue against the peptide chain being 16doxylstearic acids, suggesting that the peptide 
oriented on the surface of lipid vesicles as depicted chain in 2 is not associated with the lipid bilayer in 
in fig.fc. Hence, the two possible orientations of a transverse orientation. The quenching studies 
the peptides in the presence of lipid vesicles are as thus suggest an orientation for the acylated peptide 
shown in fig.3a,b. in the lipid bilayer as depicted in fig.3b. 
In order to determine the relative orientation of In conclusion, the present study clearly indicates 
the fluorophore in peptides l-3 in the lipid bilayer, that fatty acid acylation is necessary for membrane 
412 
Volume 238, number 2 FEBS LETTERS October 1988 
60 
300 330 350 370 400 
h (nm) 
Fig.2. Fluorescence mission spectra of peptides 1 and 2 in the 
presence of lipid vesicles as a function of time. [Peptide] = 
6 ,uM, [lipid] = 250 PM. (a) 1 + lipid vesicles, immediately after 
addition; (b) 2 + lipid vesicles, immediately after addition; (c) 
1 + lipid vesicles, after 12 h; (d) 2 + lipid vesicles, after 12 h. 
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Fig.3. Schematic representation of the possible modes of 
association of fatty acylated peptide, Lys-(e-palmitoyl)-Phe- 
Phe-Phe-Be-Ile-OCHs, with lipid vesicles: 3 , fatty acid 
chain; ( , peptide chain. 
quencher ( pM ) 
Fig.4. Stern-Volmer plots for quenching of fluorophores in 
peptides l-3 and 12-(9-anthroyloxy)stearate by S- and 
16-doxylstearates: [peptide] = ~,uM, [lipid] = 250pM. 
Quenching by 16-doxylstearate: (A) peptide 3, (0) 
12-(9anthroyloxy)stearate, (0) peptide 2; quenching by 
5-doxylstearate: (A) peptide 3, (B) 12-(9-anthroyloxy)stearate, 
(0) peptide 2. 
association of even a fairly hydrophobic peptide. 
We are currently investigating the interaction of 
long hydrophobic peptides covalently modified 
with fatty acids of different chain lengths at dif- 
ferent positions along the peptide chain in order to 
gain further insight into the role of fatty acylation 
in the assembly of membrane proteins. 
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